SYNOPSIS A comparison of the indirect haemagglutination test (IHAT) with the dye test (DT) in 23 infants with congenital toxoplasmosis showed that in the early part of the first year of life the IHAT titres were nearly all lower than the DT titres. In six cases the IHAT was negative or the titre was so low that the cases could have been missed in routine screening. Later in the first year the IHAT titres became higher than the DT and remained so. The infants belonging to mothers with a high IHAT and therefore assumed to have become infected early in pregnancy had severe infections which included all the cases of hydrocephalus. Infants of mothers with low IHAT titres relative to the DT and therefore thought to have been infected later in pregnancy had generalized, mild or subclinical infection. With some difficulty a suitable commercial conjugated anti-IgM serum was found that gave positive results in immunofluorescent antibody tests for specific IgM antibody with all the infected infants and their mothers throughout the first year and negative results in uninfected infants and their mothers.
Our recent comparisons between the antibody titres obtained by various techniques in glandular and ocular toxoplasmosis (Karim and Ludlam, 1975) have been extended to congenital toxoplasmosis, a disease in which diagnosis is often difficult. The indirect haemagglutination test (IHAT) and the immunofluorescent antibody test for specific IgM antibody (IgM-IFAT) have produced results which it is hoped will be useful in diagnosis.
Materials and Methods
One hundred and thirty-eight sera from 66 infants were selected for this study on the grounds of suspected congenital toxoplasmosis and the presence of dye test (DT) titres higher than those found commonly in the normal population. Ninety-four sera were also obtained from their mothers at about the same time. Sera obtained repeatedly from some patients made the construction of antibody production curves possible.
Details of the techniques used in the DT, IHAT, and IgM-IFAT have already been reported (Karim and Ludlam, 1975 
Results
It was possible to divide the 65 infants into two groups-23 regarded as infected on the grounds of an initial IgM-IFAT titre of 1/32 or greater, after excluding cases of placental leak by testing for specific IgA antibody (Miller, Sunshine, and Remington, 1969) Figure 1 shows that the DT titres of the infected infants were already high in the first 2 months, geometric mean (GM) 1/10 790, and that the high titres persisted for at least 18 months. In the uninfected group the GM of the DTs in the first 2 months was 1/173 and this fell steadily, running at a lower level than that of the infected group and eventually becoming negative well before the end of the first year. With five exceptions, in each of which the child followed a sibling with congenital infection, all the uninfected children had initial DT titres of 1/1024 or less. In the infected group three had an initial titre of 1/1024, the rest 1/4096 or higher.
The IHAT titres (fig 2) showed a wide scatter in both the infected and uninfected groups, especially in the first 2 months. In fact the GM of the IHAT titres for that period was only 1/308 in the infected infants, distinctly lower than in the uninfected infants in whom the GM was 1/1200. Antibody in the uninfected group had a half-life of roughly one month and had reached undetectable levels by month 10 (cf. DT titres). The infected cases showed a rise in the IHAT titre to a high level in the latter part of the year, and this was maintained as in the DT.
The IgM-IFAT titres were scattered in the first 2 months in the infected infants (fig 3) , tended to peak between 2 and 4 months, and then declined over the rest of the year without becoming negative. 
Discussion
Our preliminary work with the IgM-IFAT yielded entirely negative results in infants shown by the persistence of other toxoplasma antibodies through the first year of life to be cases of congenital infection. However, Remington, Miller, and Brownlee (1968 a, b) , who had been responsible for the early advocacy of this test for determining the presence of specific IgM, have reported that many batches of conjugated anti-IgM sera, although reacting with adult sera, give false negative results in infected infants. We therefore tested a variety of commercial antisera and eventually obtained one giving positive results with all our infected infants and negative results in infants shown by the gradual loss of antibody to be uninfected, and this batch was used for all our work. Since then Remington and Desmonts (1973) have found some anti-IgM sera giving false positive results in uninfected infants with high titre passive antibody and other sera which, although apparently satisfactory, did not detect specific IgM in certain cases of infection in the early months of life, although the antibody was demonstrated later in the year. We have not met this phenomenon, but we have had only two cases of subclinical infection, and it may be that IgM negative cases are more likely to be subclinical. It appears however that a negative IgM result in the first few months does not entirely rule out congenital toxoplasmosis.
Specific IgM was found in all the mothers of infected infants in the first 10 months and was absent from the mothers of uninfected infants, with the exception of five mothers, each of whom had had an infected infant in a previous pregnancy. In all five, IgM was present at the end of the pregnancy following the infected one and also in a further pregnancy in one mother. In none of these subsequent pregnancies was an infected infant produced. The IHAT titres in these mothers were very high, suggesting that in spite of the IgM result the mother's infection was not recent.
A study of the DT and IHAT titres shows that the DT titres were consistently high in the infected infants in the first 2 months (GM 1/10 790) and were maintained at a persistently high level, whereas in the uninfected group the titres started at a lower level (GM 1/173) and then gradually fell to negative. By contrast the IHAT titres initially varied over a wide range, but the titre in the infected infants rose to a high level by 6 months and began to exceed the DT titre after this time; the titres in the uninfected group showed the expected decline over the same period (fig 1) .
There was an initial drop in the IHAT titre in some cases, followed by a rise (table II DOW) . This may have been due to loss of passive antibody followed by a rise due to the infant's own production of antibody. This fall was not found in the DT, probably due to the earlier production of active high titre DT antibody.
As expected from earlier work (Karim and Ludlam, 1975) , the majority of infected infants under 6 months had an IHAT titre less than the DT (37 sera out of 40), but in 27 sera tested after 6 months the IHAT titre was greater than or equal to the DT in 24. The most important feature of these findings was that in two cases the IHAT titre was negative at 1/8 and in four the IHAT titres ranged from 1/32 to 1/128. The DT titres in these cases ranged from 1/1024 to 1/64 000. This shows that these six cases could well have been missed if the THAT alone had been used for screening. Nevertheless the combined IHAT and DT can be useful, since a low IHAT result with a high DT result suggests recent infection in the mother and therefore increases the probability that the infant is infected.
The mothers of infected infants had higher DT titres (GM 1/5780) than the mothers of the uninfected (GM 1/240) Sabin, Eichenwald, Feldman, and Jacobs (1952) ascribed severe cases of congenital toxoplasmosis to infection in early pregnancy, later infections being more generalized and less likely to involve the central nervous system. Eichenwald (1959) , using the CFT, positive results from which he regarded as indicative of recent infection, supported these findings, concluding that central nervous system involvement was more characteristic of early infections and that later ones were more generalized (jaundice, splenomegaly, fever, etc.). The more recent work of Desmonts ancd Couvreur (1974 a, b) agreed with this and indicated that although mild or subclinical infections could result from early infection the great majority followed infection late in pregnancy. Some of these subclinical infections became manifest only after months or years; others showed no detectable abnormality after many years of follow-up.
Our findings support the above reports. In table IA are grouped all the mothers with IHAT titres equal to or greater than the DT titres, where one would therefore expect infection to have occurred early in pregnancy. The 15 children of these pregnancies consisted of six with hydrocephalus, five with eye conditions, and four with splenomegaly. On the other hand, table IB contains seven mothers (with eight infants) with relatively low IHAT titres. Two of these infants had splenomegaly, one fits at 2 weeks, two neonatal jaundice (one with squint later), one showed failure to thrive, and two were symptomless at 3 months. These two groups correspond closely clinically to the early and later cases described by the earlier workers.
Positive specific IgM in the young infant establishes the diagnosis of congenital toxoplasmosis, assuming a satisfactory anti-IgM serum is in use. The main problem is the type of case described by Remington and Desmonts (1973) where specific IgM is undetectable. In such a case serological findings favouring a diagnosis of congenital toxoplasmosis in the young infant would be a DT result of 1/1024 or higher, an IHAT titre distinctly less than the DT titre in the infant, and a positive IgM result in the mother. Where the IHAT approximates to the DT titre there may have been infection early in pregnancy and here one would expect a severe form of the disease. With the above serological findings, especially if accompanied by a suggestive clinical picture, specific chemotherapy should be considered and, to confirm the tentative diagnosis, the infant's sera should be tested at intervals for the appearance of specific IgM and to see whether the other antibody levels are maintained.
